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Abstrat
We study adsorption of liquid at a one-dimensional substrate om-
posed of a single hemial inhomogeneity of width 2L plaed on an
otherwise homogeneous, planar, solid surfae. The exess point free
energy η(L, T ) assoiated with the adsorbed layer's inhomogeneity in-
dued by the substrate's hemial struture is alulated within exat
ontinuum transfer-matrix approah. It is shown that the way η(L, T )
varies with L depends sensitively on the temperature regime. It ex-
hibits logarithmi divergene as a funtion of L in the limit L → ∞
for temperatures suh that the hemial inhomogeneity is ompletely
wetted by the liquid. In the opposite ase η(L, T ) onverges for large L
to 2η0, where η0 is the orresponding point tension, and the dominant
L-dependent orretion to 2η0 deays exponentially. The interation
between the liquid layer inhomogeneities at −L and L for the two
temperature regimes is disussed and ompared to earlier mean-eld
theory preditions.
PACS numbers: 68.15.+e; 68.08.B
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1 Introdution
Adsorption phenomena taking plae at substrates equipped with geometrial
and hemial strutures have been attrating onsiderable interest in reent
years [1-17℄. It is stimulated by the development of experimental tehniques
allowing one to imprint substrates with patterns down to nanometer sale
(see e.g.[3-6℄), and a number of theoretial results prediting interesting ad-
sorption behaviour for systems with broken translational invariane along the
substrate. These inlude lling transitions [7-10℄, disontinuous hanges of
equilibrium droplet shapes as funtion of its volume [11-12℄, or ondensation-
type phase transitions [13℄. In ase of onvex substrates, like spheres or
ylinders, the wetting transitions are altogether exluded by the substrate
geometry [14-17℄.
The basi theoretial tool to desribe adsorption phenomena at miro-
sopi level is the well-developed density funtional theory [18℄. However,
in numerous appliations it sues to apply a redued, oarse-grained de-
sription based on eetive Hamiltonian models. This approah aptures the
system's essential features lose to surfae phase transitions and often allows
insight into utuation eets, whih play an important role in the ase of
systems with short-ranged intermoleular interations (e.g. in the ase of 3d
wetting). As was demonstrated in Refs [19-21℄, thermal utuations often
modify the ritial singularities of line tension assoiated to three-phase on-
tat lines (e.g. aet the values of the orresponding ritial indies), and
strongly inuene the properties of the ontat line itself [21℄, espeially in
two-dimensional systems.
Adsorption at planar substrates equipped with a single, well loalized
hemial inhomogeneity has been studied both from the point of view of the
adsorption layer morphology and the properties of linear exess free energy
[22-26℄. However, most of these studies referred to mean-eld (MFT) approx-
imation, within whih utuations of the interfaial shapes are negleted. An
exeption is Ref.[24℄ where the droplet height and height-height interfaial
orrelations were studied in the asymptoti regime lose to the inhomogeneity
enter, far away from the boundaries. The motivation for theoretial inves-
tigations of this kind of systems is provided by experimental works (see e.g.
Refs [3-5℄), in whih solid substrates are imprinted with hemial patterns
and brought into ontat with uid. Strutures of the adsorbed liquid-like
layers are then investigated as funtion of thermodynami parameters and
the pattern's harateristis. In reent experiments the hemial patterns
extensions have approahed nanometer sale, at whih eetive interations
between the uid heterogeneities indued by the hemial struture might
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beome pronouned. An expression desribing the aforementioned eetive
interations has been derived in Ref.[25℄ within mean-eld approah; it will
be briey realled in Setion 4. The inuene of interfaial utuations on
these interations and the assoiated linear ontributions to the system's free
energy has not been disussed so far.
In this work we aim at lling this gap by onsidering adsorption in a
two-dimensional system whose partition funtion an be evaluated exatly.
By deomposing the system's free energy into bulk, line, and point terms,
one obtains the exess point ontribution, whih is analyzed as funtion of
the system parameters. We show, that the system's behaviour is utuation-
dominated and that the point free energy, unlike the one previously obtained
within MFT, diverges in the limit of large hemial struture's width (2L)
provided the hemial impurity is wetted by the liquid. The derived eetive
interation potential is shown highly universal - for asymptotially large L it
does not depend on any of the system's parameters.
2 Model
The system under study onsists of a two-dimensional uid in a thermo-
dynami state innitesimally away from its bulk liquid-vapour oexistene.
The uid oupies the half-spae above a hemially inhomogeneous one-
dimensional planar substrate omposed of a hemially dierent domain of
width 2L plaed on an otherwise homogeneous substrate. The domain is re-
ferred to as type 1 substrate, while the remaining part of the solid substrate
is of type 2. The substrate extends along the x-axis from −X to X , where X
is assumed muh larger than L, see Fig.1. One of the phases, say the liquid,
is preferentially adsorbed at the substrate, while the gas phase remains stable
in the bulk. We denote the wetting temperatures of (innite) substrates 1
and 2 by TW1 and TW2, respetively, and assume TW1 < TW2 while the uid
temperature T is taken to be lower than TW2.
In this paper we onsider the statistial mehanis of the liquid-vapour
interfae based on the SOS Hamiltonian
H[l] =
∫ X
−X
dx
[σ
2
( dl
dx
)2
+ V (x, l)
]
, (2.1)
where it is assumed that the system's state orresponds to a single-valued
positive funtion y = l(x) desribing position of the liquid-vapour interfae
over the substrate. Here σ is the interfaial stiness parameter, and V (x, l)
denotes the interfae's potential energy favoring its loation near the wall.
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Figure 1: A planar, hemially inhomogeneous substrate is exposed to uid at
its bulk liquid-vapour oexistene. A layer of a liquid-like phase is adsorbed
near the substrate. The interfae at y = l(x) separates the adsorbed liquid-
like layer from the gas phase whih is stable in the bulk. The symbols l1,
l2, l−, l+ denote the liquid layer height at x = −L, +L, −X and +X ,
respetively.
In the present model V (x, l) takes - for −X ≤ x ≤ X - the following form
V (x, l) = Θ(L− |x|)V1(l) + Θ(|x| − L)V2(l) . (2.2)
The orresponding partition funtion with the interfae endpoints xed at
(−X, l−) and (X, l+) is given by the path integral
Z0(l−, l+, X, L) =
∫
Dle−H[l] , (2.3)
where the fator
1
kBT
is inluded into the Hamiltonian (2.1). In the ase of
periodi boundary onditions l− = l+, and upon relaxing the onstraint of
xed endpoint positions, the partition funtion an be written in the following
form
Z(X,L) =
∫
dl−dl1dl2Z2(l−, l1, X−L)Z1(l1, l2, 2L)Z2(l2, l−, X−L) , (2.4)
where l1 = l(−L) and l2 = l(L) are positions of the interfae at x = −L and
x = L, respetively. The symbol Zi(y1, y2, λ) denotes partition funtion of
an interfae utuating above a homogeneous substrate of type i = 1, 2, of
width λ with its endpoints pinned at y1 and y2.
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Upon imposing the initial ondition Zi(y1, y2, 0) = δ(y1−y2), eah fun-
tion Zi(y1, y2, λ) gains the following spetral representation
Zi(y1, y2, λ) =
∑
n
ψ(i)n (y1)ψ
(i)∗
n (y2)e
−E(i)n λ
(2.5)
in terms of orthonormal set of funtions solving the Shrödinger equation
[ 1
2σ
d2
dy2
− Vi(y) + E(i)n
]
ψ(i)n (y) = 0 . (2.6)
In the present approah the potentials Vi(y) have the following simple form
Vi(y) =


∞ for y < 0
−Ui/kBT for 0 < y < ai
0 for ai < y ,
(2.7)
where Ui and ai are positive onstants. The above model was analyzed in
detail by Burkhardt [27℄ for the homogeneous substrate. In this ase the
partition funtion takes in the ontat potential limit ai → 0, Ui → ∞,
Uia
2
i = const, the following form
Zi(y1, y2, λ) =
√
σ
2piλ
(
e−σ(y2−y1)
2/2λ + e−σ(y1+y2)
2/2λ
)
+
−τieτ2i λ/2σ+τi(y2+y1)erf
[√
σ
2λ
(y1 + y2) + τi
√
λ
2σ
]
, (2.8)
where erf[x℄ stands for the omplementary error funtion
erf[x℄ =
2√
pi
∫ ∞
x
dte−t
2
(2.9)
The parameter τi measures deviation of the system's temperature from the
wetting temperature orresponding to substrate type i, i.e. τi ∼ T −TWi (see
Ref.[27℄). Within the present framework it is dened by
τi =
1
ψ
(i)
0
dψ
(i)
0
dy
∣∣∣∣∣
y=ai
, (2.10)
where ψ
(i)
0 denotes the ground-state wave funtion for the i-th substrate.
The onsidered range of temperatures orresponds to the situation in whih
only the ground states ψ
(i)
0 (i = 1, 2) may remain bound. In this ase
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ψ
(i)
0 (y) =
√−2τieτiy and the ground-state energy E(i)0 = − τ
2
i
2σ
. At the wetting
temperature TWi the bound state ψ
(i)
0 disappears in the ontinuum of the
sattering solutions to Eq.(2.6) and E
(i)
0 → 0− - see [27℄,[28℄.
We now insert the spetral representations (2.5) orresponding to
Z2(l−, l1, X−L) and Z2(l2, l−, X−L) into Eq.(2.4), and take advantage of the
assumptions that X ≫ L and T < TW2. Under these onditions the energy
E
(2)
0 of the bound state ψ
(2)
0 is separated from the rest of the spetrum and
the partition funtion Z(X,L) takes the form
Z(X,L) = e−2E
(2)
0 (X−L)
∫
dl1
∫
dl2ψ
(2)∗
0 (l1)Z1(l1, l2, 2L)ψ
(2)
0 (l2) , (2.11)
where terms of the order eE
(2)
0 (X−L)
have been negleted. The exess free
energy η(L, T ) due to hemial inhomogeneity is alulated by subtrat-
ing the line terms 2E
(1)
0 L and 2E
(2)
0 (X − L) from the system's free energy
F = − lnZ(X,L). The subtrated terms orrespond to energies of the homo-
geneous substrates of type i = 1, 2 of length 2L and 2(X − L), respetively,
with the planar interfaes at their equilibrium positions. Here E
(1)
0 = 0 for
τ1 ≥ 0.
This way one obtains the following formula for η(L, T ).
η(L, T ) = −2E(1)0 L−
[
ln
∫ ∞
0
∫ ∞
0
dl1dl2ψ
(2)∗
0 (l1)Z1(l1, l2, 2L)ψ
(2)
0 (l2)
]
,
(2.12)
whih will be analyzed in the following setion.
3 Exess point free energy
The integral in Eq.(2.12) an be evaluated by substituting the expression
(2.8) for Z1(l1, l2, 2L), hanging the integration variables l1 =
u−v
2
, l2 =
u+v
2
and then integrating by parts. As a result one obtains the following formula
η = −2E(1)0 L− ln
{
1
σ(τ1 + τ2)2
[
2τ 22 (τ
2
1 −τ 22 )L+σ(τ 21 +τ 22 )
]
e
2L
ξ||2
erf
[√2L
ξ||2
]
+
(3.1)
−τ1 − τ2
τ1 + τ2
√
2L
ξ||2
+
2τ1τ2
(τ1 + τ2)2
eτ
2
1
L
σ
erf
[
τ1
√
L
σ
]}
,
in whih the parameter
2σ
τ22
has been identied as the parallel orrelation
length ξ||2 orresponding to interfaial utuations above homogeneous sub-
strate type 2 [27℄. From Eq.(3.1) it follows, that at xed temperature the
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quantity η(L, T ) is a non-negative, inreasing, and onave funtion of the
width 2L. Whether η is bounded from above depends on the sign of τ1. This
issue is disussed in the following subsetion.
3.1 Large L regime
In the asymptoti regime of large L the behaviour of the quantity η given
by (3.1) ruially depends on the sign of τ1. This is easily understood by
noting that the argument of the error funtion diverges either to plus or
minus innity depending on the sign of τ1. Also the value of the ground
state energy E
(1)
0 is negative and equal − τ
2
1
2σ
for τ1 < 0, and equal zero in
the opposite ase. To obtain the asymptoti expression for η, one expands
the formula (3.1) for L suh that L
ξ||2
≫ 1 and Lτ21
σ
≫ 1 (the ase τ1 = 0 is
analyzed separately). This way we obtain the following expressions:
η =


ln (τ1+τ2)
2
4τ1τ2
+ 1
4
√
pi
(τ1+τ2)2(τ1−τ2)2
τ31 τ
4
2
(
σ
L
)3/2
e−2L/ξ||1 for τ1 < 0
1
2
ln
(
τ22pi
4σ
L
)
for τ1 = 0
ln
(
−√pi τ21 τ32
(τ1−τ2)2
(
L
σ
)3/2)
for τ1 > 0 ,
(3.2)
where ξ||1 = 2στ21
provided τ1 < 0. The entral observation regarding the above
formula is the hange of the harater of the L-dependent ontribution to
the quantity η. In the temperature regime T < TW1 it onverges to a nite
and positive value 2η0 = ln
(τ1+τ2)2
4τ1τ2
, whih is a symmetri funtion of τ1
and τ2. Atually η0 an be onsidered as the point tension due to a single
inhomogeneity at whih two semi-innite, homogeneous substrates of type 1
and 2 meet [22℄, [23℄.
The nite L orretion is negative and deays as ( 1
L
)3/2e−2L/ξ||1 , where
ξ||1 sets the length sale ontrolling the rate of the deay. On the other
hand, in ases τ1 = 0 and τ1 > 0, in whih ξ||1 beomes innite, one nds
the quantity η to be logarithmially divergent in the limit L → ∞. This
divergene is attributed to utuations, as it is absent within the mean-eld
approah whih will be disussed in Setion 4. Let us also note that the
derivative − ∂η
∂2L
has the interpretation of an eetive fore ating between
two interfae heterogeneities onentrated around x = −L and x = L. This
fore is attrative for all of the onsidered temperature regimes. It deays as
( 1
L
)3/2e−2L/ξ||1 for T < TW1, while in the other ases the deay is of the type
1
L
. This fore has universal properties - it depends neither on the substrates',
nor uid's harateristis. More expliitly, it equals − 1
2L
for T = TW1 and
− 3
2L
in the ase T > TW1 (in the units where kBT = 1).
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3.2 Small L regime
Within the present framework it is also possible to analyze the exess point
free energy in the regime of system's parameters orresponding to the inho-
mogeneity's width 2L small ompared to the lengthsales σ
τ21
,
σ
τ22
. The regime
of small L in the ase τ1 = 0 is explored separately. The oeient η vanishes
in the limit L → 0, as expeted on physial grounds. The formula (3.1) in
the ase of asymptotially small L, has the following form
η =
(τ1 − τ2)2
σ
L+ ... , (3.3)
where terms of higher order have been omitted. It follows, that η deays
linearly to zero as L → 0+ and the orresponding oeient has the same
form in dierent temperature regimes.
4 Mean eld theory
In this setion we ompare the onlusions of the previous setion with results
for the quantity η obtained within mean-eld approximation based on the
interfaial Hamiltonian
H[l] =
∫
dx
[
Σ
2
( dl
dx
)2
+ ω(x, l)
]
, (4.1)
where Σ is the liquid-vapour surfae tension, and ω(x, l) denotes the eetive
potential of interation between the substrate and the liquid-vapour interfae.
It is approximated by a pieewise onstant funtion of x [23℄,[25℄
ω(x, l) = Θ(L− |x|)ω1(l) + Θ(|x| − L)ω2(l), (4.2)
where - in the ase of short-ranged intermoleular interations - ωi (i = 1, 2)
has the following struture:
ωi(l) = τie
−l/ξB + be−2l/ξB + ... . (4.3)
Here ξB denotes the bulk orrelation length in the adsorbed liquid phase and
the positive parameter b takes aount of repulsion of the interfae from the
substrate at short distanes. For simpliity, b is assumed to have the same
value for both substrate types. The mean-eld analysis of Eq.(4.1), see Refs
[25℄,[26℄, leads to the following onlusions:
- The mean-eld expression for η onverges in the limit L → ∞ to a nite
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positive funtion 2η0, where the point tension η0 depends on the model pa-
rameters τ1, τ2, Σ, b.
- The dominant L-dependent orretion to 2η0 is negative. For temperatures
T < TW1 it is of the order e
−2L/ξ||1MFT
with amplitude depending on all
system's parameters; here ξ||1MFT = −
√
2Σb
τ1
. In the remaining temperature
regimes, i.e. for TW1 ≤ T < TW2, the orretions are of the order 1L , and
their magnitude is governed by a universal prefator Σξ2B.
Comparing these preditions to formula (3.2) one onludes, that the
singular behaviour of η ourring for τ1 ≥ 0 and L→∞ is due to utuations.
It is also worth noting that utuations wash out the dependene of η on
the interfaial stiness. Indeed - the energy sale Σξ2B ontrolling the L-
dependent terms in η within the mean-eld desription is replaed by kBT
(whih was put equal to unity in the alulation leading to Eq.(3.2)). As
regards the temperature regime τ1 < 0 - one observes the presene of the
prefator ( 1
L
)3/2 in the expression for η, whih is absent at mean-eld level.
The length ontrolling the exponential deay of the L-dependent terms in η
is in both ases set by the orrelation length desribing the range of typial
utuations of the interfae over homogeneous substrate type 1.
5 Remarks on mean-eld results for τ1 < 0
In this setion we introdue a simplied interfaial model, within whih we
reprodue results qualitatively equivalent to the mean-eld preditions in
the ase τ1 < 0. Physially the proedure proposed below amounts to damp-
ing the long-ranged utuations by an external potential W (x, l), but still
summing all the relevant terms in the partition funtion. Within mean-eld
approah one does something else, namely takes only the dominant term
from the partition trae. These omplementary approahes yield equivalent
results regarding the dependene of η on L.
Although the alulation presented in this setion is limited to the tem-
perature regime T < TW1, the onsiderations are on general grounds as no
expliit form of the interfaial potential is applied. We onsider a liquid-
vapour interfae utuating in presene of an eetive potential W (x, l),
whih is assumed to have the pieewise-onstant struture:
W (x, l) = Θ(L− |x|)W1(l) + Θ(|x| − L)W2(l) . (5.1)
The potentialsWi(l) (i = 1, 2) have single, well loalized minima at lpii, whose
role is to damp the utuations and to loalize the average interfae's position
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at lpi1 and lpi2, respetively, for |x| < L and |x| > L . The system's Hamil-
tonian is given by (2.1) with V (x, l) substituted by W (x, l). The partition
funtion is written in the form of Eq.(2.4) and the spetral deompositions
of Z1, Z2 are inserted into it. The key harateristi of the potentials Wi(l)
is that the orresponding Shrödinger operators have only disrete spetra. It
follows, that the partition funtion takes the following form
Z = e−2E
(2)
0 (X−L)
(
1+O
(
e(2E
(2)
0 −2E
(2)
1 )(X−L)
))∫
dl1
∫
dl2
[
φ
(2)
0 (l1)φ
(2)∗
0 (l2)
]
×
×
[
φ
(1)
0 (l2)φ
(1)∗
0 (l1)e
−2E(1)0 L+ φ(1)1 (l2)φ
(1)∗
1 (l1)e
−2E(1)1 L+O
(
e−2E
(1)
2 L
)]
, (5.2)
where the eigenfuntions φ
(i)
j and the eigenvalues E
(i)
j are omputed from the
orresponding Shrödinger equation[ 1
2σ
d2
dy2
−Wi(y) + E(i)j
]
φ
(i)
j (y) = 0 . (5.3)
It is then lear that the quantity η
η = lim
X→∞
[− lnZ − 2E(1)0 L− 2E(2)0 (X − L)] (5.4)
onverges to
2η0 =
∫
dl1
∫
dl2φ
(2)
0 (l1)φ
(2)∗
0 (l2)φ
(1)
0 (l2)φ
(1)∗
0 (l1) <∞ (5.5)
for L→∞ and that the dominant L-dependent ontribution to η is given by
e−2|E
(1)
0 −E(1)1 |L
∫
dl1
∫
dl2φ
(2)
0 (l1)φ
(2)∗
0 (l2)φ
(1)
1 (l2)φ
(1)∗
1 (l1) . (5.6)
The energy gap E
(1)
1 − E(1)0 > 0 orresponds to inverse of the interfaial
orrelation length ξ||1 [27℄. All the next-to-leading nite L orretions to η
are also easily omputed from (5.2). The magnitude of the j-th term is of
the order e−2L|E
(1)
j
−E(1)0 |
for j = 2, 3, ... .
The above alulation shows that the general harateristis of the L-
dependent ontributions to η(L, T ), namely their exponential deay on-
trolled by ξ||1 do not depend on the expliit form of the short-ranged interfa-
ial potential. The only assumptions made above are the pieewise-onstant
form of W (x, l) in Eq.(5.1) and disrete spetra of the Shrödinger operators
orresponding to Wi(l). The later implies that liml→∞Wi(l) = ∞, whih
results in damping the long-ranged utuations. As a onsequene even with
utuations one reovers the mean-eld theory result rather than the one
obtained in Setion 3 for the potential in Eq.(2.7) whih has both disrete
and ontinuous spetrum. These two results dier by the fator L−3/2, whih
is due to the ontinuous spetrum ontribution.
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6 Contat point height
A remarkable feature of the mean-eld interfaial height l¯(x = L) at the
ontat point where the substrates of type 1 and 2 meet is that it remains
nite for all L values and all temperatures. On the other hand, the interfaial
height l¯(x = 0) at the domain's enter diverges logarithmially in the limit
L → ∞ provided T ≥ TW1 [25℄. Whether these onlusions remain valid in
the onsidered two-dimensional ase, where utuations play an important
role, has to be heked. In the following, within the SOS model introdued in
Setion 2, we onstrut the probability density PL(l) of nding the interfae
at height l for x = L. One PL(l) is known, the average interfae position as
well as higher moments an be expressed in terms of L and T .
The probability density orresponding to x = ±L is given by
PL(l) =
∫ Dle−H[l]δ(l(L)− l)∫ Dle−H[l] , (6.1)
whih for the ase τ2 < 0 and upon negleting terms that vanish in the limit
X →∞, an be written as
PL(l) =
∫
dl1
∫
dl2ψ
(2)
0 (l1)ψ
(2)∗
0 (l2)Z1(l2, l1, 2L)δ(l2 − l)∫
dl1
∫
dl2ψ
(2)
0 (l1)ψ
(2)∗
0 (l2)Z1(l2, l1, 2L)
. (6.2)
Inserting the asymptoti form of Z1(l2, l1, 2L)
Z1(l2, l1, 2L) = −2τ1Θ(−τ1)eτ21L/σeτ1(l1+l2)+
+
1
2
√
pi
(σ
L
)3/2
(l1 + τ
−1
1 )(l2 + τ
−1
1 ) +O(L−5/2) (6.3)
and performing the integration yields the following formula
PL(l) = −
[ 4τ1τ2
τ1+τ2
Θ(−τ1)eτ21L/σeτ1l + 1√pi ( σL)3/2(l + τ−11 )(τ−12 − τ−11 )]eτ2l
4τ1τ2
(τ1+τ2)2
Θ(−τ1)eτ21L/σ − 1√pi ( σL)3/2τ−12 (τ−12 − τ−11 )2
.
(6.4)
The average position of the interfae at x = ±L is given by
< l >L=
{
− 1
τ1+τ2
(1 +O(e−L/ξ||1)) for τ1 < 0
− 2τ1−τ2
τ2(τ1−τ2)(1 +O(1/L)) for τ1 > 0 .
(6.5)
and the standard deviation A(L, T ) =
√
< l2 >L − < l >2L onverges to a
nite value in the limit L → ∞ in both ases. Interestingly, for τ1 < 0 one
obtains
lim
L→∞
A(L, T ) = lim
L→∞
< l >L . (6.6)
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From the above results one onludes that no sign of ritial divergenes is
present in the ontat regions orresponding to x ≃ ±L. Both the height
< l >L and the utuations' magnitude remain nite in the limit L → ∞
at all temperatures. It follows that for non-negative τ1 the behaviour of
the oeient η is strongly inuened by the system's ritial utuations
that our only far away from the ontat region, to whih the line or point
tensions are usually attributed.
7 Summary
In this paper we were onerned with properties of the exess point free
energy η for adsorption at a one-dimensional substrate equipped with a sin-
gle stripe-like hemial inhomogeneity. Our onlusions are restrited to
short-ranged intermoleular interations and to thermodynami states at the
liquid-vapour oexistene. Under these onditions our preditions are as fol-
lows.
• At xed temperature the exess point free energy is a positive, inreas-
ing, onave funtion of the heterogeneity's width 2L. It onverges to a
nite value in the limit L→∞ provided the stripe remains non-wetted,
i.e. T < TW1. The dominant L-dependent orretion is negative and
deays as L−3/2e−2L/ξ||1 , where the deay rate is ontrolled by the in-
terfaial orrelation length orresponding to type 1 substrate (i.e. the
stripe).
• For temperatures TW1 ≤ T < TW2 the exess point free energy exhibits
a logarithmi singularity in the limit of marosopi domain sizes, i.e.
L → ∞. This singularity is attributed to utuations and it is absent
within mean-eld approah.
• The derivative − ∂η
∂2L
is analogous to an eetive solvation fore at-
ing between the adsorbed uid's heterogeneities at x ≃ −L and x ≃
L. This fore is attrative in all temperature regimes. It deays as
L−3/2e−2L/ξ||1 in the ase T < TW1, while for T ≥ TW1 it is propor-
tional to 1/L, with universal amplitudes (i.e. amplitudes independent
of the substrates' and uid's properties).
• The asymptoti deay of exess point free energy in the regime of
heterogeneity's width small ompared to parallel orrelation lengths
present in the system is linear in L for all temperature regimes.
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• The results are ompared to mean-eld preditions. The basi obser-
vation is ourrene of the utuation-indued divergene of η in the
limitL→∞ for TW1 ≤ T < TW2. Moreover, inorporating utuations
washes out the dependene of the fore's amplitude on the adsorbed
uid's properties desribed by the interfaial tension Σ and the bulk
orrelation length ξB. This means that the solvation fore asymptoti-
ally does not depend on any of the system's parameters at all. On the
other hand, both with and without utuations one observes rossover
of the fore from exponential to algebrai deay at T = TW1.
• We proposed a phenomenologial way of obtaining the mean-eld re-
sults in the temperature regime T < TW1. It amounts to trapping the
utuating interfae in a single minimum potentialW (x, l). As a result
the law desribing the deay of the dominant L-dependent ontribution
to η turns out to be the same for many reasonable hoies of W (x, l).
• In order to haraterize the system's state in the viinity of the sub-
strate inhomogeneities x = ±L we alulated the probability distribu-
tion funtion PL(l) for large L and showed that the average separation
< l >L of the interfae from the substrate, as well as the utuations
magnitude < l2 >L − < l >2L, remain bounded in the limit L → ∞
for all temperatures T < TW2. This means that for T ≥ TW1 the
transition regions x ≃ ±L ontain no indiation of the ritial state of
the interfae around x = 0. This result is onsistent with mean-eld
preditions.
Although a diret link to experimental studies performed so far (e.g. Refs
[3-6℄) does not seem possible at this stage, we believe that some of our pre-
ditions are open to experimental veriation. For this purpose let us point
that the results may be referred to a system in whih the solid substrate
is substituted with a non-wettable Langmuir-Blodgett lm deorated with
a wettable stripe whose ompressibility is orders of magnitude larger than
in the ase of a solid struture. The adsorbed wetting layer will tend to
shrink the inhomogeneity due to the eetive fore ating between the linear
heterogeneities around x ≃ −L and x ≃ L. This eet should beome pro-
nouned one the temperature TW1 is exeeded. Our preditions regarding
the properties of the fore − ∂η
∂(2L)
are in priniple open to veriation via
diret measurement of the stripe ompression. Certainly a three-dimensional
system is experimentally more aessible and the inuene of utuations on
the quantity η is not lear in this ase. On the other hand both mean-eld
theory and the exat alulation in two dimensions indiate appearane of
13
the long-ranged eetive fore of universal properties. The same kind of be-
haviour an be expeted in a physial system in three dimensions.
Aknowledgment
This work has been supported by the Ministry of Siene and Higher Edu-
ation via the grant N202 076 31/0108.
14
Referenes
[1℄ H. Gau, S. Herminghaus, P. Lenz, R. Lipowsky, Siene 283, 46 (1999)
[2℄ C. Rason, A. O. Parry, Nature 407 986 (2000)
[3℄ A. Cheo, O. Gang, B. M. Oko, Phys. Rev. Lett. 96, 056104 (2006)
[4℄ J. Drelih, J. Wilbur, J. Miller, G. Whitesides, Langmuir 12 1913 (1996)
[5℄ J. Woodward, H. Gwin , D. Shwartz, Langmuir 16 2957 (1999)
[6℄ L. Rokford, T. Liu, P. Mansky, T. Russell, Phys. Rev. Lett. 82 2602
(1999)
[7℄ E. Hauge, Phys. Rev. A 46 4994 (1992)
[8℄ K. Rejmer, S. Dietrih, M. Napiórkowski Phys. Rev. E 60 4027 (1999)
[9℄ A. Parry, C. Rasón, A. Wood, Phys. Rev. Lett. 83 5535 (1999)
[10℄ A. Parry, C. Rasón, A. Wood, Phys. Rev. Lett. 85 345 (2000)
[11℄ P. Lenz, R. Lipowsky, Phys. Rev. Lett. 80 1920 (1998)
[12℄ P. Swain, R. Lipowsky, Europhys. Lett. 80 203 (2000)
[13℄ K. Binder, D. Landau, M. Muller J. Stat. Phys. 110 1411 (2003)
[14℄ R. Hoªyst, A. Poniewierski, Phys. Rev. B 36 5628 (1987)
[15℄ T. Bieker, S. Dietrih, Physia A 252 85 (1998)
[16℄ R. Evans, J. Henderson, R. Roth, J. Chem. Phys. 121, 12074 (2004)
[17℄ M. Steward, R. Evans, Phys. Rev. E 71, 011602 (2005)
[18℄ R. Evans, Adv. Phys. 28 143 (1979)
[19℄ J. O. Indekeu, Int. J. Mod. Phys. B 8 309 (1994)
[20℄ J. O. Indekeu, A. Robledo, Phys. Rev. E 47 4607 (1996)
[21℄ D. B. Abraham, F. Lartémolière, P. J. Upton, Phys. Rev. Lett. 71, 404
(1993)
[22℄ W. Koh, S. Dietrih, M. Napiórkowski, Phys. Rev. E 51 3300 (1995)
15
[23℄ C. Bauer, S. Dietrih, Phys. Rev. E 60 6919 (1999)
[24℄ A. Parry, E. Madonald, C. Rasón, J. Phys.: Condens. Matter 13 383
(2001)
[25℄ P. Jakubzyk, M. Napiórkowski, J. Phys.: Condens. Matter 16 6917
(2004)
[26℄ P. Jakubzyk, M. Napiórkowski, J. Phys.: Condens. Matter 18 2107
(2006)
[27℄ T. W. Burkhardt, Phys. Rev. B 40 6987 (1989)
[28℄ P. G. de Gennes, Rep. Prog. Phys. 32, 187 (1969)
16
